Introduction
Semi-and bathypelagic nectonic animals usually make up the bulk of the Greenland halibut (Reinhardtius hippoglossoides, Walbaum) diet, while benthos is of negligible importance (e.g. Chumakov, 1969; Chumakov and Podrazhanskaya, 1986 ). Previous studies on the feeding habits of Greenland halibut off Newfoundland, Canada (Bowering and Lilly, 1992; Rodríguez-Marin et al., 1995 , Greenland (Orr and Bowering, 1997) , Iceland (Só lmundsson, 1993) and in the Bering Sea (Yang and Livingston, 1988) have shown that smaller Greenland halibut (<60 cm) feed mainly on crustaceans, cephalopods and small schooling fish such as capelin (Mallotus villosus), whereas larger specimens (>59 cm) feed mainly on large demersal fish. The most complete information on the feeding behaviour of the Greenland halibut is available for the Northwest Atlantic; relatively few studies have been made of the feeding habits of adult Greenland halibut in the Barents Sea.
Until 1976 the spawning stock biomass of Greenland halibut in the Barents/Norwegian Seas was estimated to be above 100 000 tonnes, but by 1992 it had dropped to 30 000 tonnes and it has since remained at this historically low level (ICES, 2000) . Despite the commercial importance of Greenland halibut, stock assessments have been highly uncertain due to lack of basic biological and ecological knowledge of this species (ICES, 2000) . This paper, which provides information on feeding of Greenland halibut sampled in the Barents Sea, primarily adult specimens on spawning grounds during spawning time, but also immature specimens sampled at south-eastern parts of the nursery areas, is part of a project intended to increase such knowledge relevant for the assessments. Previous papers have considered distribution and migration in relation to spawning, recruitment and environment, focusing on our ability to adequately sample the population with standardized trawl surveys (Albert, 2001; Albert et al., 2001a, b; Albert and Hines, in press ).
Analyses of fish stomach contents reveal not only the diet composition but also other aspects of the ecology and feeding habits of the predator in question. Some examples are short-term horizontal and vertical migrations, as well as the predator's ability to adapt to changing conditions regarding availability and abundance of prey species from both a seasonal and spatial perspective. The Barents Sea is a highly dynamic system; alternating warm and cold periods influence the distribution and abundance of important key species such as Atlantic herring (Clupea harengus) and capelin (Hamre, 1994) , causing changes in trophic interrelations of fishes.
Fish diet is often studied in a single-factor perspective, focusing on the effect of only one or very few factors, presuming all other factors to have a neutral effect. Several of the variables might be intercorrelated, and when such interactions are not considered, one may overemphasize or misinterpret the effect of one or more factors (Magnan et al., 1994) . It is therefore essential to evaluate which variable(s) can best account for a given pattern in diet composition, using multivariate techniques. Another problem arises when the sampling design is imbalanced with respect to one or several influential variables. When collecting fish by means of trawling, total catch is often unevenly distributed according to temporal and spatial variables, as well as variables attributed to the fish itself (e.g. fish length, sex). If the sample sizes are too restricted for selecting even numbers according to all measured variables, single-factor analyses might not reflect the actual relation between the prey composition and each single variable. Multivariate techniques are therefore required to get an overview of how prey composition varies with the environment.
The feeding of Greenland halibut depends on many different factors. Both quantitatively and qualitatively, the diet changes with area, depth and with predator length (i.e. Bowering and Lilly, 1992; Só lmundsson, 1993; Rodríguez-Marin et al., 1997) . Annual variations in Greenland halibut prey species composition have also been registered (Shvagzhdis, 1990; Michalsen and Nedreaas, 1998) . In the northwest Atlantic predator size (Rodríguez-Marin et al., 1995) and depth (Orr and Bowering, 1997) are the most influential factors on the diet. However, for the Barents Sea Greenland halibut no attempts have previously been made to determine the variable(s) most influential on the prey spectrum.
The main objective is to describe the feeding habits of Greenland halibut in the Barents Sea, and to determine and interpret patterns in the prey species composition as a function of the predator's behaviour and the spatial and temporal distribution of the prey. Another objective is to determine, by use of multivariate techniques, which of the measured variables (i.e. both spatial, temporal and biotic components) are most influential on the prey spectrum. The environmental variables in question are horizontal location, sampling depth and sampling period. Predator length, sex and maturity were also included in the analyses as other explanatory variables.
Materials and methods

Sampling
Greenland halibut were sampled in the period April 1996-January 1998 on eight bottom trawl surveys by the RV ''Jan Mayen''. Sampling was conducted at various depths over a broad geographic area (Figure 1 ). During April-May 1996 the Bear Island Channel was sampled at a trawling depth of 300 to 500 m. In October 1996 , January 1997 , October 1997 , November 1997 , December 1997 and January 1998 depth-stratified bottom-trawl surveys were conducted along five transects (T.1-T.5) on the continental slope of the south-western Barents Sea. On each transect, tows were made at the following depths: 450, 500, 550, 600, 650, 700, 750, 800, 900, 1000 and 1100 m. A third sampling area was the Hopen Deep. A single survey in this area was performed in November 1997, with tows restricted to depths from 200 to 400 m. The standard Campelen shrimp trawl (net opening approximately 4.8 m high and 45 m wide; mesh size 80 mm) was used at depths below 800 m, and the standard Campelen cod trawl (net opening approximately 6.3 m high and 52 m wide; mesh size 155 mm) at depths<800 m. Both nets were fitted with Rockhopper ground gear. Tows lasted for 15-25 min, at a speed of 4 knots. Position, time and depth were recorded for each haul. Along the continental slope near-bottom temperature was recorded using a SCANMAR trawl temperature sensor. Temperature in the other areas was not recorded.
Examination of specimens in the field
Total length (measured to the cm below), sex and maturity were recorded for each Greenland halibut. Maturity stage was determined according to a fourpoint macroscopic maturity scale: immature, maturing, running and spent. Presence/absence of food was registered for a restricted number of stomach samples collected from a length-stratified sample from the catch of every tow. For most hauls, all stomachs with contents were cut off at oesophagus and pylorus, individually labelled and frozen prior to examination of their contents in the laboratory.
Examination of stomach contents in the laboratory
Frozen stomachs were thawed in cold water and analyzed individually. After removing excess liquid with absorbent paper, prey items were separated with respect to species, counted and weighed to the nearest 0.1 g (wet weight). Counting euphausids and capelin was sometimes difficult when these were highly digested, however accurate counts were usually obtained from the number of euphausid eyes and number of capelin vertebrae present in the stomach contents. Using identification keys (Clarke, 1986; Härkö nen, 1986; Hayward and Ryland, 1990; Watt et al., 1997) , prey items were identified to species or to the lowest possible taxonomic level, depending on degree of digestion. Largely digested prey items were identified using skeletal remains or other parts not readily digested. Thus, lower beaks were used to identify cephalopods, and otoliths, premaxillae and/or vertebrae were used to identify fish. Using a stereomicroscope, these remains were measured (i.e. lower rostral length of beaks and total length of otoliths and premaxillae) with an accuracy of 0.1 mm. These measurements were then used to estimate the total length of the prey species, using published keys (Clarke, 1986; Härkö nen, 1986; Watt et al., 1997) . Whenever possible, fish length and shrimp carapace length were measured to the nearest 5 mm and 1 mm, respectively.
Data analysis
The percentage of empty stomachs (PES) was used as a measure of feeding intensity in accordance with previous work (Junquera, 1995; Rodríguez-Marin et al., 1995 Jørgensen, 1997) . The relative importance of individual prey taxa was assessed in terms of percentage frequency of occurrence (FO), percentage by number and percentage by weight (Clark, 1985) , and by using the mean partial fullness index (PFI) as described in Lilly and Fleming (1981) . Chi-square ( 2 ) tests were performed to test for differences in PES. Fisher's exact test was used when the expected value in one of the cells in a 2 2 contingency table was less than five. If p-values were less than 0.05, differences in PES were considered to be statistically significant. The statistical analyses were carried out using the computer program SYSTAT version 7.0 (Wilkinson, 1997) .
Within the slope area the survey design was imbalanced with respect to several variables. A further breakdown of data by these variables (i.e. more than two variables at a time) was not performed due to insufficient sample sizes. Therefore, potential significant effects on the diet composition according to each single measured variable could not be revealed by means of univariate analysis alone, hence the alternative approach of multivariate analyses was used.
Multivariate analyses were performed using CANOCO (CANOnical Community Ordination) version 4 (ter Braak and S {milauer, 1998). Two sets of analyses were applied: one with mean weight (g) of stomach contents from all Greenland halibut within a station regarded as sampling unit (station data), another with contents from individual Greenland halibut as sampling units. When ordination was based on individuals, the weight (g) of each prey category from a predator's stomach was divided by L 3 p (Graham and Vrijenhoek, 1988) , where L p is the length (cm) of the predator. When individual Greenland halibut were used as sampling units the importance of biotic variables (i.e. individual predator variables, such as maturity stage), relative to the abiotic variables, could be assessed.
Within each station, prey items not identified to species level were (if possible) pooled with prey items of lower taxonomical level dominating at the station, or were otherwise deleted. Rare prey species (FO<2%) were deleted prior to analysis in order to avoid derivation of erroneous relationships (as recommended by ter Braak and Prentice, 1988) . Furthermore, the effect of rare prey was decreased by downweighting. When using individual predators as sites, the species data were transformed by taking square-roots to downweight high mass values.
Sampling area, sampling period (within the slope area) and predator sex were treated as nominal variables, whereas longitude and latitude, depth, temperature, hour, and predator length, weight, and maturity stage were treated as quantitative (continuous) variables. Therefore, longitude and latitude (in degrees) and hour (in minutes) were converted to the decimal system.
Choice of method was based on recommendations in ter Braak and Prentice (1988), using detrended correspondence analysis (DCA) to determine the gradient length, measured in standard deviation units. Indirect gradient analysis, i.e. correspondence analysis (CA) was used to determine the major pattern of variation in prey community composition. Direct gradient analysis, i.e. canonical correspondence analysis (CCA) was used to relate the dominant community distribution patterns to chosen environmental variables, and to rank environmental variables according to their relative importance. In order to infer whether the measured environmental variables were sufficient to explain the major variation in the species data, results from indirect and direct gradient analysis techniques were compared (ter Braak, 1986) .
Estimates of percentages of the total variation of the species data accounted for by explanatory variables were performed according to Borcard et al. (1992) .
The relative importance of each environmental variable for predicting the prey composition was inferred by running a stepwise procedure called ''forward selection'' (ter Braak and Verdonschot, 1995) . At each step, the statistical significance of the additional effect of each environmental variable was tested by a Monte Carlo permutation test. For each test, 1000 permutations were performed. Only variables significant at the 1% level were considered to significantly influence the variance in the species data.
In order to determine the relative contribution of spatial effects on the diet composition, the total variation in diet composition was partitioned into four independent components according to a method proposed by Borcard et al. (1992) : ''pure'' spatial, ''pure'' non-spatial, ''shared'' variation and unexplained. It is also possible to partition the variation in a data set according to three different matrices (proposed by Anderson and Gribble, 1998) . When using individual Greenland halibut as sites, the total variation of species data was partitioned into five independent components: pure spatial variation, pure temporal variation, pure biotic variation, shared variation and unexplained.
Results
Distribution of samples by predator length, sex, and maturity
The length of the Greenland halibut sampled ranged from 11 to 89 cm. Most individuals sampled on the continental slope and in the Bear Island Channel ( Figure  1 ) were between 45 and 55 cm; in the slope area these were mainly maturing or mature specimens. Males were more abundant than females for fish smaller than 55 cm (85% and 70% males in the slope area and in the Bear Island Channel, respectively) but only females were larger than 66 cm. In the Hopen Deep (Figure 1 ), most individuals were between 50 and 65 cm; these were mainly immature females. Furthermore, a considerable number of smaller individuals (20-30 cm) were also caught in the Hopen Deep. Table 1 shows the number of specimens examined in each area and time period. Description of feeding activity was based on 3294 stomachs determined for stomach fullness, whereas diet composition was recorded from 486 non-empty stomachs.
Percentage of empty stomachs (PES)
Considering the PES of Greenland halibut in relation to area and sampling period (Table 2) , it can be seen that the percentage was generally quite high on the continental slope for all sampling periods. PES appeared to be somewhat higher in December and January than in October and November, and exceptionally high PES in December 1997 was evident for all size groups. Otherwise, there was a general trend in which the PES increased with predator length. Although based on relatively few specimens, PES appeared to be lower in the Hopen Deep than in the other areas.
To study the potential influence of sex, PES by 5 cm length groups and sex was calculated. There were no significant differences in PES for specimens of less than 45 cm (Figure 2 ). However, for length groups 45-49, 50-54 and 55-59 females showed a significant lower PES than males ( 2 =9, 44 and 25, respectively, d.f.=1, p<0.005). For larger specimens the test could not be made due to the small sample sizes, or absence, of males.
In order to analyze PES in relation to maturity stage, slope data were grouped by sex, maturity stage and month ( Figure 3 ). In December both males and females with running gonads appeared to show high PES compared to specimens at other stages in the maturation cycle.
Ordination results
Ordination on station data
Considering the site scores and species scores of the CA (correspondence analysis) ordination diagram by the first two axes (Figure 4 ), three well-defined groups were identified. The group on the left-hand side of the diagram (group A) include a clear majority of the site scores of the continental slope (82 stations out of a total of 95). Several prey species were strongly associated with this area: Atlantic herring, blue whiting (Micromesistius poutassou), the cephalopod Gonatus fabricii, the shrimps Pasiphaea spp., ''Natantia others'', and the euphausid Meganyctiphanes norvegica. The rest of the site scores of this area form, together with two sites of the Bear Island Channel, a second group (group B) represented on the bottom-right of the diagram. Only discarded fish offal is associated with these site scores. A third group is found more to the top-right of the diagram (group C), and may be further divided into the Bear Island Channel scores and the Hopen Deep scores. Atlantic cod (Gadus morhua), long rough dab (Hippoglossoides platessoides), and northern shrimp (Pandalus borealis) appeared to be related to the Bear Island Channel, whereas capelin (Mallotus villosus) and the hyperid amphipod Parathemisto libellula appeared to be most strongly associated with the Hopen area. Gammarid amphipods (Gammaridea), however, hold a position between groups A and C, indicating a relation to both the continental slope and the Bear Island Channel/Hopen Deep.
The total of all constrained eigenvalues of CCA explained 46% of the total of all unconstrained eigenvalues (of CA), indicating that the measured environmental variables explained a significant part of the variation in the species data. Forward selection of the environmental variables included in the CCA revealed that sampling area was most responsible for the variation in diet composition, accounting for 49.3% of the variance explained by all the included variables. Depth/ temperature also appeared to be important on the diet composition, followed by sampling period and mean predator length. A Monte Carlo permutation test confirmed that each of these variables significantly affected the variance in species data (p<0.01). As some of the area effect appeared to be ''shared'' with other variables, the ''pure'' spatial effect (including sampling area, longitude and latitude) accounted for 34.7% of the variance explained by all the included variables, and only 16.0% of the total inertia ( Figure 5 , left bar). Nevertheless, as the pure spatial effect was almost as important as the pure variation accounted for by all other environmental variables combined, geographical location still appeared to be the most important factor on the diet composition among the variables included in the forward selection procedure.
Ordination on individuals
A forward selection on individual Greenland halibut as sites resulted in an almost identical ranking of variables. Therefore, the ordination results did not seem to be dependent upon station or individual data. The proportion of the total variation in the species data explained by the measured variables when using individuals as sites, is represented in Figure 5 (right bar).
As the area effect was most responsible for the variation in diet composition, data were divided according to sampling area. However, as the numbers of samples from the Bear Island Channel and the Hopen Deep were restricted, only samples from the continental slope were subjected to further analyses.
CA and DCA on continental slope data in which each predator constituted a sample resulted in patterns totally dominated by offal. In order to extract more information associated with the other species, offal had to be deleted from the species data prior to the indirect analysis. Therefore, some sites were also omitted from the analyses, resulting in 311 individuals to be included.
Considering the CA ordination diagram by the first two axes, the majority (60%) of the site scores of the slope area are well separated into two clusters represented by the two large dotted circles in Figure 6 . One of the clusters (group A) was associated with herring, the other one (group B) with Gonatus fabricii. Close to group B a third group may be identified (group C), associated with Pasiphaea spp. Whereas predation upon herring was most strongly associated with larger Greenland halibut sampled in shallower water to the south-east of the sampling area, predation upon Gonatus fabricii and Pasiphaea spp. was more strongly associated with smaller Greenland halibut sampled at greater depths further to the north-west. This is also illustrated by the arrows in Figure 6 . Furthermore, the predation upon Gonatus fabricii was associated with January, whereas the predation upon herring was associated with October.
Within the slope area the total of all constrained eigenvalues (of CCA) explained 22% of the total of all unconstrained eigenvalues (of CA), indicating that the measured variables did not account for the main variation in the species data within this area. Nevertheless, according to the forward selection of the included variables, longitude appeared to be the environmental variable most responsible for the variation in diet composition, followed by temperature, sampling period (month), latitude, and predator length. A Monte Carlo permutation test confirmed that the extra fit of each of these five variables significantly affected the variance in species data (p<0.01). Also when all other variables were treated as covariables, latitude significantly affected the variance in species data (p<0.01). This was also the case for both temperature/depth (combined) (p<0.01), and for sampling period (p<0.005). However, longitude did not significantly affect the variance in species data when all other variables were treated as covariables (p=0.217). 1  15  13  30-39  -2  100  5  93  15  67  12  2  100  10  ---1  40-49  82  137  89  101  84  286  75  351  93  177  84  230  78  55  -3  50-59  81  88  86  104  79  333  76  306  96  218  82  232  53  76  0  15  60-69  67  12  67  36  51  138  72  90  91  35  69  61  4  20  0  6  70-84  36  11  64  11  61  38  64  25  100  7  70  27  25  4  --Total  79  250  84  257  75  810  74  784  94  439  81  560  59  156  5  38 Predator length showed a significant effect on the variance in species data when all abiotic variables were treated as covariables (p<0.005).
The variation in the species data was partitioned into five independent components: ''pure'' spatial, ''pure'' temporal, ''pure'' biotic, ''shared'' variation and unexplained. In general, the temporal (i.e. sampling period) and spatial (i.e. depth, temperature, latitude, longitude) effects explained the greatest variation in the Greenland halibut prey composition, with the biotic (i.e. predator length, weight, sex, and maturity stage) component explaining less of the variation in the species data ( Figure 7) . The pure temporal component and the pure spatial component contributed with 27.5% and 24.1% to the explained variation, respectively, whereas the pure biotic component contributed with 15.2%.
Diet composition
General description of prey composition Forty prey categories were identified (Table 3) . Fish was the major prey, contributing 49% to the total prey weight, 26% of the prey by number and occurring in 45% of the examined stomachs with contents. Among the 17 fish species identified, Atlantic herring (Clupea harengus) was by far the most prominent prey in terms of weight. Offal, mainly fish heads and viscera discarded by the fishing fleet, contributed as much as 28% by weight. The cephalopod Gonatus fabricii was the dominant mollusc, the second most prevalent prey species in the diet, and contributed 19% to the biomass. Crustaceans, particularly hyperiid amphipods, euphausids and shrimps, were present in relatively high numbers (%n=58), but contributed little in terms of biomass.
Influence of sampling area According to Table 3 there were pronounced differences in diet composition between the three sampling areas. By weight, offal was a prominent food category both along the Bear Island Channel and along the continental slope, but not in the Hopen Deep. Gonatus fabricii was the second most dominant prey species along the continental shelf but was absent from the stomachs collected along the Bear Island Channel and in the Hopen Deep. Although fish appeared to be a prominent food category in all three areas (by weight and occurrence), the feeding composition differed greatly at species level, with herring prevailing in the diet in the slope area, and capelin (Mallotus villosus) in the Hopen Deep. Along the Bear Island Channel other fish species dominated, namely Atlantic cod (Gadus morhua), long rough dab (Hippoglossoides platessoides) and redfish (Sebastes marinus).
Influence of sampling period
There was a strong seasonal effect on the diet composition along the continental slope; the dominance of fish in autumn was gradually replaced by squid and fish offal through winter ( Figure 8A ). This effect was consistent between years. Herring predominated in the diet in October, and contributed as much as 71% by weight in October 1997.
Influence of predator size
The relative importance of prey varied between predator size groups ( Figure 9 ). Cephalopods and crustaceans were important prey for small Greenland halibut. The importance of these prey groups decreased gradually with increasing size, and among predators larger than 50 cm, teleosts and offal were the dominating components of the diet. This pattern was seen in all sampling periods, although to a variable degree. Figure 10 incorporates both the seasonal and ontogenetic changes in diet from the continental slope. Havforskningsinstituttet
Influence of depth
Depth seemed to influence the prey spectrum in the slope area in such a way that the relative importance of fish prey decreased as depth increased (Figure 11 ). Furthermore, there appeared to be an increase in the relative importance of cephalopods and crustaceans with increasing depth, whereas the importance of offal seemed to diminish with depth. For predators collected at depths less than 700 m herring was the dominant prey species in terms of mean partial fullness index and frequency of occurrence, whereas Gonatus fabricii appeared to be the prevailing prey species at greater depths.
Influence of latitude
When diet data from each of the five different transects (T.1-T.5; Figure 1 ) were compared, fish offal appeared to be prominent in T.1 (furthest north) and T.5 (furthest south) (Figure 12 ). Furthermore, there seemed to be a trend from south to north in which a dominance of fish prey (mainly herring) in the southernmost area was gradually replaced by an increase in the importance of cephalopoda and crustaceans.
Discussion Percentage of empty stomachs (PES)
On the spawning grounds (i.e. along the continental slope) the proportion of Greenland halibut that had recently fed was very low through the spawning season. This is consistent with previous results from waters off Iceland (Nizovtsev, 1989; Só lmundsson, 1993) , and from the Northwest Atlantic (Rodríguez-Marin et al., 1995) . Low feeding activity during preparation for spawning may explain the high PES on the spawning grounds. As indicated by the few samples from the Hopen Deep nursery area, a relatively high percentage of fish had recently fed. A higher feeding activity in nursery areas than on spawning grounds is supported by previous results both in the Barents Sea (Shvagzhdis, 1990 ; O. T. Albert, unpublished) and in West Greenland waters (Jørgensen, 1997) .
Several factors were found to influence the PES of Greenland halibut. In the first place, at the spawning grounds, greatest PES was found in December, i.e. during the peak spawning time, when the PES of fish with running gonads was extremely high. This is consistent with previous reports from the same area (Nizovtsev, 1969 ). This appears to indicate that feeding rate declines when there is greater reproductive activity. A similar relationship between PES and reproductive activity of female Greenland halibut has also been found in the Northwest Atlantic (Rodríguez-Marin et al., 1997) .
In the second place, PES decreased with length of Greenland halibut; this is in accordance with previous findings from the Barents Sea (Michalsen and Nedreaas, 1998) , from the nursery areas off Spitsbergen (O. T. Albert, unpublished) , from the Northwest Atlantic (Rodríguez-Marin et al., 1995 , and from the Bering Sea (Yang and Livingston, 1988) . A shorter time of digestion of prey (often small, easily digestible prey) by Greenland halibut of smaller size has probably an influence on this trend. It must also be taken into account that as length increases, the proportion of females increases, which in turn might influence the PES. For fish larger than 45 cm, the proportion of females that had recently fed was larger than that of males, which is in accordance with previous findings from the Northeast Atlantic (Nizovtsev, 1969 (Nizovtsev, , 1989 , and from the Northwest Atlantic (Chumakov and Podrazhanskaya, 1986; Rodríguez-Marin et al., 1997) .
The sexual difference in food intake may be due to the fact that Greenland halibut males mature at a smaller size than females; estimated length at 50% maturation (L 50 ) for the Norwegian-Barents Sea stock is 40 cm for males and approximately 60 cm for females (Kovtsova and Nizovtsev, 1985; Albert et al., 1998) . As the Greenland halibut eats very little during the spawning period (Nizovtsev, 1989; Só lmundsson, 1993; Rodríguez-Marin et al., 1995) , it was therefore not unreasonable that males 45-60 cm showed a greater PES than that of females. These differences in feeding activity between sexes also occur in other Pleuronectiformes, such as Limanda limanda (Lozán, 1992) .
Diet composition
Apart from a few occasional incidences of prey items representing the bottom fauna (e.g. gastropods and isopods), most of the food organisms were typical pelagic or bathypelagic types. This indicates that the Greenland halibut primarily searches for food in the water column, which is also indicated by its morphology (Chumakov, 1969; de Groot, 1970) . HavforskningsinstituttetThe large number of prey species in the diet reflects the opportunistic feeding character of the Greenland halibut (Rodríguez-Marin et al., 1995) , i.e. it appears to prey on any species available. As indicated by the correspondence analysis ordination diagram, the forward selection procedure and the partitioning of variation into independent components on station data, sampling area (the spatial component) appeared to be the main determinant for the variation in diet composition, explaining 16-25% of the total variation in prey species composition, and at least 34.7% of the variance explained by the included variables. Within the slope area (using individual data), the temporal and spatial (both vertical and horizontal) components appeared to be most important for the variation in diet composition, contributing at least 27% and 24% to the explained variation, respectively, whereas the pure biotic component contributed 15%.
In the Barents Sea the distributions of important key species such as capelin and herring vary with respect to time and space (Hamre, 1994) , and this is probably the main reason for differences in food composition of Greenland halibut by different areas and sampling periods. The timing of spawning migrations of capelin is of considerable interest in this respect. During winter the capelin are distributed along the Polar Front (Hassel et al., 1991) , including the Hopen Deep and the Bear Island Channel, but not on the slope. In late winter mature capelin migrate southwards to the northern coasts of Norway and Russia (Dragesund and Gjøsaeter, 1988) . Because sampling along the Bear Island Channel was conducted during the capelin spawning time, the low occurrence of capelin as prey in this area was probably due to the time of sampling rather than an area effect.
Also, the presence of herring in the diet of Greenland halibut might vary according to the migration patterns of the prey species. Along the continental slope, herring was prominent as prey species in October 1997, but was not identified as prey in January 1998. The majority of herring consumed were adults (>30 cm). During early summer and autumn adult herring are distributed in feeding areas in the Norwegian Sea, which recently also have included the slope area (see Dragesund et al., 1997) . After feeding, the herring move into Norwegian fjords to overwinter, and from January a southward migration towards the spawning grounds off midNorway takes place. The unimportance of herring as prey to Greenland halibut in January 1997 and January 1998 was therefore probably due to this prey species not being easily accessible to Greenland halibut after emigrating from the feeding grounds in the slope area.
Documentation of occurrence of herring in Greenland halibut stomachs has been scarce, and the predominance of herring as Greenland halibut prey in October, indicated by present results, is not consistent with previous findings from the Barents Sea. According to Sennikov et al. (1989) Barents Sea Greenland halibut sampled along the continental slope fed on almost nothing but Gonatus fabricii in October 1987, and according to Michalsen and Nedreaas (1998) cephalopoda, mainly Gonatus fabricii, was the most important prey category along the continental slope in October 1992. On the other hand, the latter authors found that herring and unidentified fish were most important in October 1993, and that herring were frequently found in Greenland halibut stomachs in September 1995-1997. The herring stock has undergone great changes in migration routes, and after the collapse at the end of the 1960s it is only during the 1990s that herring have moved out from the coast to feed (Dragesund et al., 1997) . Predation upon herring might thus be related to annual variability in abundance and distribution of this species.
There were strong variations in the consumption of discarded fish offal between sampling periods. These variations might be related to fishing effort. Whether offal was consumed when other prey were not available, or because offal might be easier to forage on than live prey, remains unclear.
Depth and temperature appeared to be important variables for the variation in the diet composition. Previous findings have indicated the temperature gradient to be a strong structuring force along the Norwegian Sea slope, both influencing the identity and distribution of species assemblages (Bergstad et al., 1999) . Therefore, it was not unreasonable to find that the importance of specific prey seemed to differ along the depth gradient on the slope. According to Bergstad et al. (1999) the fish biomass on the slope of the eastern Norwegian Sea declines abruptly when crossing the 0 C-isotherm (at approx. 720 m) from the Atlantic water to the Norwegian Sea deep water. In the present study, the seeming decrease in the predation upon fish from shallower depths (450-650 m) to greater depths (700-1000 m) was thus probably mainly due to a decrease in the availability of fish prey at greater depths. Furthermore, because herring was the predominant prey species in the slope area, a decrease in the predation upon fish with increasing depth was not unreasonable, considering that herring migrates in schools at 300-400 m depths or shallower (Misund et al., 1997) . However, the fact that herring occurs in specimens sampled at greater depths than 400 m, even at depths to 900 m, reflects the predators' ability to bring prey hundreds of meters down the water column prior to digestion.
The substitution of cephalopods for fish prey with increased depth is consistent with data reported from the continental slope off eastern Newfoundland, Northwest Atlantic (Bowering and Lilly, 1992; Rodríguez-Marin et al., 1997) . Dawe et al. (1998) found Gonatus spp. to predominate in the diet of small Greenland halibut (c60 cm) sampled at depths of 1000-1250 m. Gonatus fabricii is distributed at greater depths as it grows larger (Wiborg et al., 1984) . In the present study, frequency distribution of the dorsal mantle length (DML) of Gonatus fabricii found in Greenland halibut stomachs showed a peak at 20-22 cm. Gonatus fabricii of this size are mostly found at depths greater than 900 m (Bjørke and Gjøsaeter, 1998) . Therefore, Greenland halibut containing Gonatus fabricii (especially smaller fish, i.e.<50 cm) were probably foraging at even greater depths than 900 m. This is in contrast to the larger Greenland halibut sampled (>50 cm), which to a greater extent appeared to have migrated up in the water column to prey on herring. It is concluded that smaller Greenland halibut appeared to have been foraging at greater depths than the larger ones.
The relative influence on variability in diet composition by variables attributed to the predator itself (15%) was unexpectedly low, considering that several previous findings have indicated Greenland halibut length to be highly influential on the species composition (e.g. Figure 7 . Partition of the total variation in diet composition into five independent components: ''pure'' spatial ( ), ''pure'' temporal (i.e. sampling period) ( ), ''pure'' biotic ( ), ''shared'' variation (), and unexplained (), and partition of the explained variation in diet composition (right bar). Individual Greenland halibut collected on the slope used as sites. Rodríguez-Marin et al., 1995; Orr & Bowering, 1997) . In the present study, seasonal and spatial effects appeared to be a function of the variability in distribution of potential prey species. Therefore, their importance on the diet composition is probably highly variable from study to study, and might thus not necessarily, in general, be more influential than predator length. Furthermore, the relative importance of each variable might be influenced by the sampling design. A more structured sampling design is essential to assess more accurately the relative importance of each one variable.
Partial canonical correspondence analysis (CCA) was performed to determine the ''pure'' effect of the spatial component from those of the temporal and biotic ones. However, it should be emphasized that the results depend to a great extent on which variables are included in the analysis. If important spatial, temporal or biotic variables exist that have not been included, the actual relative importance of these components for the diet composition might differ significantly from that of the included variables. When using individuals as sites, the amount of unexplained variation was quite large. Table 1 for number of non-empty stomachs analyzed.
Whether this is due to some overlooked factors or to a large amount of stochastic variation remains unclear.
Recording of additional variables for inclusion in the analyses would be essential in order to explain a greater proportion of the total variation in diet composition. Interspecific competition, as well as degree in overlap in distribution (temporal and spatial) between important prey species and the predator, are examples of factors that might contribute to the explained proportion of variation in diet composition.
Conclusions
The prey species composition of Greenland halibut was significantly affected by sampling area, latitude, temperature/depth, sampling period and predator length. Although the major proportion in the variance in prey data remained unexplained, it is concluded that the spatial (vertical and horizontal) and temporal components appeared to be most important for the variation in diet composition, whereas biotic variables (Greenland halibut size, sex and maturity stage) appeared to be of less importance. Spatial and temporal variability in abundance and distribution of potential prey species appeared to be the main determinant on variability in diet composition of the Greenland halibut in the Barents Sea. 
